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Abstract This study investigated the recovery of phyto-

chemical antioxidants in Dacryodes rostrata fruit using

different extraction solvents. The effects of solvent of

varying polarities with sequential extraction method on the

recovery of phenolics, flavonoids, carotenoids and antho-

cyanins from different parts of the fruit (seed, pulp and

peel) were determined. Their antioxidant activities were

further determined using DPPH radical, ferric reducing

antioxidant power (FRAP), hydroxyl radical scavenging,

superoxide anion radical scavenging and phosphomolyb-

denum method. Dacryodes Rostrata seed had the highest

total phenolic content with 50% ethanol as the most effi-

cient extraction solvent. The highest total flavonoid content

was obtained in ethyl acetate extract of fruit pulp, whereas

peel extracted with hexane and 50% ethanol was the

highest in total carotenoid content and total anthocyanin

content, respectively. The seed extracted with 50% ethanol

exhibited the strongest DPPH radical scavenging activity.

Iron chelating activity measured by FRAP assay was the

best in seed extracts, particularly in those polar extracts

derived from water and 50% ethanol. Antioxidant activities

of 50% ethanol extract of D. rostrata seed was the highest

when determined by FRAP and phosphomolydenum

assays. However, the influence of extraction solvents is not

distinctly shown by hydroxyl radical and superoxide anion

radical scavenging activities. This is the first report on the

effect of various extraction solvents on the recovery of

phytochemicals in D. rostrata fruit parts and the seed of D.

rostrata is a potential source of polar antioxidants.

Keywords Anthocyanin � Antioxidant � Carotenoid �
Flavonoid � Kembayau � Polyphenol

Introduction

Dacryodes rostrata (DR) is a wildly grown higher plant in

Malaysia with limited scientific information. The fruit of

DR is better known as ‘‘kembayau’’. It is one of the

indigenous fruits found in Borneo Island. DR fruit is a

single-seeded drupe and ovoid to oblong in shape, mea-

suring height range of 3–4 cm and has an average weight

of 12.0 ± 2.5 g. The weight of the fruit is mainly con-

tributed by its seed (54.01–56.72%), followed by pulp and

peel. The skin of unripe DR fruit is in pale yellow or to be

white in colour and subsequently turns black when it

ripens. Owing to its hard texture, DR fruit is normally

consumed after blanching with hot water by the local

people. It is also preserved using salts or black soya sauce

and taken as an accompaniment of rice or porridge (Kong

et al. 2011).
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Besides exploring the nutritional composition of DR

fruit, appraisal and recovery of its phytochemical antioxi-

dants using different extraction solvents will enable the

development of natural antioxidants and nutraceuticals for

food, cosmetic and other application. It has been suggested

by Nikousaleh and Prakash (2016) that varying solvents

and extraction conditions have a prominent effect on the

accuracy of quantification of antioxidants content. To date,

aqueous ethanol has been used in the extraction of

antioxidant from DR fruit (Kong et al. 2011). However, the

influence of other solvents on the recovery of antioxidants

in seed, pulp and peel of DR has not been identified (Tee

et al. 2015).

Antioxidative compounds in natural sources have dif-

ferent chemical properties, polarity and stability, hence

affect their solubility (Nikousaleh and Prakash 2016). Type

of solvent employed in the extraction and recovery of

antioxidative compounds from fruit was reported to be very

influential due to the interaction between bioactive com-

pounds and the solvents are depending on their chemical

structures and polarities (Prasad et al. 2010). Therefore, the

present study aimed to measure the abilities of different

extraction solvents in recovering phytochemical antioxi-

dants of the fruit parts. This study also comprehensively

measured the antioxidant potential of all fruit parts.

Materials and methods

Analytical reagents and chemicals

Analytical grade ethanol, butanol, ethyl acetate and

n-hexane and other chemicals were obtained from the

general suppliers. Analytical standards including gallic

acid, quercetin, b-carotene and butylated hydroxytoluene

were purchased from Sigma-Aldrich (M) Sdn. Bhd. (Kuala

Lumpur, Malaysia).

Sample preparation and extraction

About 10 kg of fresh DR fruit was obtained from Sarawak,

Malaysia. Upon arrival, the fruit was washed with tap

water before separated into three parts: peel, pulp and seed.

All samples were cut into smaller pieces of about an

average of 1.0 9 1.0 cm in size. The samples were then

lyophilised and ground into powder using a form before

stored at - 20 �C for further analyses.

Extraction and recovery of phytochemical antioxidants

in the samples (10 g each of seed, pulp and peel) were

performed according to the sequential extraction method

using different extraction solvents including hexane, ethyl

acetate, butanol, 50% ethanol and water. The extraction

method was adapted from the method described by Prasad

et al. (2013) with some modifications. Each solvent

extraction was done using 250 mL of solvent (solvent to

solid ratio of 25:1) at 30 �C and 300 rpm assisted by an

orbital shaker for 90 min. Each extract was then filtered

and the remaining residue was subjected to re-extraction.

All extracts were pooled and concentrated to dryness using

a rotary evaporator and water extract was dried under

lyophilisation.

Total phenolic content

Total phenolic content (TPC) was determined according to

a modified method described by Kong et al. (2011). Briefly,

50 lL of the previously diluted sample (80 lg/mL) or

standard at different concentrations was added with 50 lL
of 1 N Folin–Ciocalteu reagent and incubated for 2 min. A

900 lL of NaCl (2% w/v) was then added to the mixture.

The solution was left at ambient temperature for 30 min.

The absorbance was measured at 750 nm using a spec-

trophotometer. A standard calibration curve of gallic acid

(0.01–1.00 mg/mL) was plotted to calculate the TPC and

expressed as mg gallic acid equivalent (GAE)/100 g

freeze-dried sample (FDS).

Total flavonoid content

Total flavonoid content (TFC) was determined based on a

modified method of Liu et al. (2008). A 500 lL of previ-

ously diluted sample (80 lg/mL) was added with 30 lL of

5% NaNO2, followed by the addition of 30 lL of 10%

AlCl3. After 6 min, 200 lL of 1 M NaOH was added.

Then, 95% ethanol was used to top up the mixture to a final

volume of 1 mL before the absorbance was measured at

510 nm. The calibration curve was plotted using quercetin

as a standard (0.01–1.00 mg/mL) and all values were

expressed as mg quercetin equivalent (QE)/100 g of FDS.

Total anthocyanin content

Total anthocyanin content (TAC) was determined using a

pH differential method described by Giusti and Wrolstad

(2005). A 125 lL of sample (80 lg/mL) was evenly mixed

with 875 lL of 0.025 M KCl buffer (pH 1). The mixture

was allowed to stand for 15 min and the absorbance was

measured at 510 and 700 nm. Following the similar pro-

cedure, the sample was then added to 0.025 M sodium

acetate buffer at pH 4.5 and the absorbance was read at

510 nm and 700 nm after 15 min. The total anthocyanin

content was calculated as follows:
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TAC mg/lð Þ ¼ A �MW � DF � 1000

e� l
ð1Þ

where A is the absorbance of the sample determined as

follows:

A ¼ A515�A700ð ÞpH1:0� A515�A700ð ÞpH4:5 ð2Þ

MW = Molecular weight for cyanidin-3-glucoside which is

449.2 g/mol; DF = Dilution factor of the sample,

e = Molar absorptivity of cyanidin-3-glucoside (26,900 M/

cm). The result was expressed as mg cyanidin-3-glucoside

equivalent (CE)/100 g FDS.

Total carotenoid content

A spectrophotometric method for estimation of total car-

otenoid content in fruits was employed (Khoo et al. 2008).

The diluted sample (80 lg/mL) was centrifuged for 10 min

at 3000 rpm. The supernatant was deliberately collected for

the absorbance reading. The absorbance value was taken at

450 nm. A standard calibration curve of b-carotene
(0.01–0.05 mg/mL) was plotted to calculate the results.

Data were expressed as mg b-carotene equivalent (BE)/

100 g FDS.

DPPH scavenging activity

DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging

activity was measured based on the modified method of

Brand-Williams et al. (1995). An aliquot of 100 lL sample

or butylated hydroxytoluene (BHT) at varying concentra-

tions (20-100 lg/mL) was mixed with 900 lL of 0.2 mL
DPPH solution prepared in methanol and was left to react

for 30 min at room temperature. The absorbance reading

was then taken at 515 nm using the spectrophotometer.

Absorbance of a control, containing only 0.2 mL DPPH

solution, was measured. The percentage (%) of DPPH

radical scavenging activity was calculated. Data were

presented as IC50 value for each sample. IC50 is the con-

centration of sample or standard (BHT) that inhibits 50%

of the DPPH radicals in lg/mL.

Ferric reducing antioxidant power

Ferric reducing antioxidant power (FRAP) was done based

on the modified method of Benzie and Strain (1996). Ini-

tially, the three reagents were prepared, namely 300 mM

acetate buffer (pH 3.6), 10 mM 2,4,6-tripyridyl-s-triazine

(TPTZ) in 40 mM hydrochloric acid and 20 mM FeCl3.

FRAP reagent was then prepared by mixing acetate buffer,

TPTZ solution and FeCl3 solution at a ratio of 10:1:1 (v/v/

v), respectively. Briefly, 50 lL of the sample or BHT at

varying concentrations (20–100 lg/mL) was added with

950 lL of the FRAP reagent, followed by an incubation at

37 �C. Absorbance reading was taken at 593 nm after

30 min of incubation. Data were calculated using a cali-

bration curve of FeSO4 at concentrations ranged 0.2-

1.0 mM. The results were presented as mM Fe(II)

equivalent.

Antioxidant activity by phosphomolybdenum

method

Phosphomolybdenum method was performed according to

the method described by Prasad et al. (2010). Phospho-

molybdenum reagent was first prepared to consist 0.6 M

sulphuric acid, 4 mM ammonium molybdate and 28 mM

sodium phosphate. An aliquot of 0.1 mL of sample or BHT

at varying concentrations (20–100 lg/mL) was then mixed

with 1 mL of phosphomolybdenum reagent. The mixture

was incubated in a water bath at 95 �C over a period of

90 min. The absorbance was taken at 695 nm. Antioxidant

activity was expressed as absorbance value read at 695 nm

in which a higher absorbance value represents a higher

antioxidant activity.

Hydroxyl radical scavenging activity

Measurement of hydroxyl radical scavenging activity was

done based on the method reported by Jan et al. (2013)

with some modifications. A reactive mixture was first

prepared by mixing 400 lL of 0.2 L phosphate buffer (pH

7.4), 50 lL of 50 mL 2-deoxyribose, 50 lL of 50 mL
hydrogen peroxide, 50 lL of 3.2 mL iron chloride, 50 lL
of 1 mL disodium EDTA and 50 lL of 1.8 mL ascorbate.

Then, 50 lL of sample or BHT (20–100 lg/mL) was added

to the reacting mixture and total volume of the mixture was

adjusted to 800 lL with phosphate buffer. The mixture was

thoroughly shaken and incubated at 50 �C for 20 min. The

reaction was terminated with 250 lL of 10% tri-

chloroacetic acid. The colour was developed by adding 150

lL of 5% 2-thiobarbituric acid (prepared in 1.25% sodium

hydroxide). The mixture was heated in water bath at 95 �C
for 15 min and then left to cool to room temperature before

measuring the absorbance at 532 nm. The percentage (%)

of hydroxyl radical scavenging activity was calculated.

Data were expressed as IC50 value (lg/mL) of each sample.

Superoxide anion radical scavenging activity

Superoxide anion radical scavenging activity was deter-

mined based on the method described by Li et al. (2012)

with slight modification. The sample or BHT (150 lL) at
varying concentrations (20–100 lg/mL) was added to a
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reacting mixture consisted of 1310 lL of 0.05 M Tris–HCl

(pH 7.4) and 1 mM EDTA. A 40 lL of 60 mM pyrogallol

(prepared in 1 mM HCl) was then added to the mixture,

followed by an immediate shaking at room temperature.

The initial absorbance (time = 0 min) at 325 nm was

immediately measured and another reading was taken after

5 min. The experiment was carried out at 37 �C. The

percentage (%) of superoxide anion radical scavenging

activity was calculated. Data were expressed as IC50 value

(lg/mL) of each sample.

Statistical analysis

All experiments were conducted in triplicates and all val-

ues were expressed as mean ± standard deviation. SPSS

Statistics version 22 was used to analyse all the data

obtained. Significant differences were evaluated using

analysis of variance (ANOVA), followed by Duncan’s new

multiple range tests, where p value less than 0.05 was

considered significantly different.

Results and discussion

Total phenolic content

The highest TPC was recovered from the seed of DR,

ranged between 22.3 and 3016.5 mg GAE/100 g FDS

(Table 1). This was followed by peel and pulp of the fruit

which ranged from 20.5 to 1651.5 mg GAE/100 g FDS and

12.7 to 1135.5 mg GAE/100 g FDS, respectively. The

trend of current finding was in agreement with a previous

study done by Kong et al. (2011), where a similar trend on

TPC of different fruit parts of DR was reported. Statistical

results also showed that TPC significantly differed among

different parts of DR extracted with the solvents used,

except hexane and water.

The current finding also clearly portray the substantial

influence of different extraction solvents on the recovery of

TPC. The extracts of fruit parts derived using 50% ethanol

showed a maximum amount of TPC, ranged from 1135.5 to

3016.5 mg GAE/100 g FDS, whereas the extracts prepared

from the least polar hexane was found to contain the lowest

TPC (20.5–22.3 mg GAE/100 g FDS). In general, the

solubility of phenolic compounds from DR increases with

increasing solvent polarity. Those intermediate polar sol-

vents such as 50% ethanol and butanol were found to be

more potent in extracting phenolic compounds. The results

were in agreement with previous studies that compared the

effectiveness of different extraction solvents in the

derivation of polyphenols from various samples. A study

on Limnophila aromatica indicated that TPC obtained by

50% ethanol was about sixfold higher than its water extract

(Do et al. 2014). Another study also revealed a higher TPC

in 50% ethanol than hexane and ethyl acetate from roots of

Armoracia rusticana (Tomsone and Kruma 2013). Our

finding showed that TPC of hexane extract of DR peel was

significantly lower than the ethyl acetate extract. The result

is supported by Babbar et al. (2014) that total phenolics

extracted from tomato peel using ethyl acetate were higher

than the hexane extract.

Hydroxyl groups of phenolic compounds are more sus-

ceptible for hydrogen bonding with electronegative oxygen

of organic alcohol such as ethanol, whereas hydroxyl group

of ethanol also has a tendency to form hydrogen bonds with

oxygen atom that found in the phenol molecules such as

oleuropein, ferulic acid, syringic acid and synaptic acid,

these may explain the current observation, where TPC is

higher in ethanol compared to ethyl acetate and hexane

(António et al. 2009). On the other hand, the results indi-

cated that peel contained purple colour pigments exhibited

a higher TPC than pulp, which may due to the presence of

anthocyanins, such as pelargonidin and petunidin (Harza-

llah et al. 2016).

Total flavonoid content

Table 1 shows the TFC of different fruit parts of DR

extracted with varying solvent systems. It can be observed

that the ethyl acetate extract of DR pulp (9289.8 mg QE/

100 g FDS) had the highest TFC at p\ 0.05, followed by

50% ethanol extract of the seed (8189 mg QE/100 g FDS).

TFC of the pulp extracts increased as follows: ethyl acet-

ate[ 50% ethanol[ butanol[ hexane[water. The

results also showed that TPC of the ethyl acetate and

ethanol extracts was not significantly differed among dif-

ferent DR parts. This finding is substantiated by literature

in which ethyl acetate is selectively the best solvent for

extracting polyphenols from grape seeds due to its capa-

bilities of extracting proanthocyanidins (Spigno et al.

2007).

In this study, the ethyl acetate extracts of pulp and peel

exhibited the highest TFC, whereas the ethanolic extract of

DR seed displayed the highest value. Current findings

implied that most of the flavonoids in DR fruit are less

polar or semi-polar in nature. Hence, the main difference in

the flavonoid content extracted from the solvents is

attributed to the difference in polarity of these solvents,

which affects the solubility of flavonoid compounds from

the fruit parts (Prasad et al. 2010).

A previous study also reported that the recovery of fla-

vonoids in ethanolic extract of Limnophila aromatica was

fourfold higher than the polar water extract (Do et al.

2014). On top of that, a research conducted using Mono-

theca buxifolia fruit suggested that hexane is a poorer

solvent for flavonoids recovery among the plant extracts
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compared to those more polar solvents such as butanol and

ethyl acetate (Jan et al. 2013).

Total anthocyanin content

DR fruit has a purple colour peel, where 50% ethanol

extract of the fruit peel contained the highest TAC of

35.85 mg CE/100 g FDS, which is almost seven-fold

higher than the seed extract (4.9 mg CE/100 g FDS). As

shown in Table 1, TAC in DR pulp extracted by the non-

polar solvents was the highest. However, DR peel and seed

with polar solvent such as 50% ethanol and water had

significantly higher TAC than DR pulp at p\ 0.05. The

finding is consistent with a previous study which showed

that aqueous ethanol was an effective solvent in the

recovery of anthocyanins from grape (Cheng et al. 2012).

Similarly, the use of alcoholic solvents has been widely

adopted in extraction and recovery of polyphenols from

plant products due to their effectiveness in mass transfer as

opposed to the use of a mono-component solvent (Yilmaz

and Toledo 2006). Owing to the uneven distribution of

polyphenolic compounds in different fruit parts, selection

of the most fitting solvent system is significant to maximise

the recovery of TAC.

Total carotenoid content

Based on the results shown in Table 1, TCC of the different

parts of DR fruit is contradicted with the TPC. The results

showed that DR peel extracted with all the solvent used

contained the highest TCC which ranged between 3.5 and

48.8 mg BE/100 g FDS, followed by the pulp and seed

(1.5–27.3 and 2.1–19.6 mg BE/100 g FDS, respectively).

A previous study reported that the peel of Canarium

odontophyllum fruit, a fruit which has a similar appearance

as DR fruit, contained the greatest amount of carotenoids

(Prasad et al. 2011). The high carotenoids content in the

peel of DR could be due to the exposure of its outer part to

the sunlight while growing, where carotenogenesis takes

place. This process will cause the conversion of chloro-

phylls into carotenoids under photo-oxidative conditions

(Prasad et al. 2011).

Among the extraction solvents used for recovery of

carotenoid, a very interesting trend has been observed for

TCC, whereby hexane as the least polar solvent yields the

Table 1 Antioxidant components of Dacryodes rostrata fruit parts extracted using different solvents

Antioxidant component Solvents Seed Pulp Peel

Total phenolic content (mg GAE/100 g FDS) Hexane 22.3 ± 3.1e,x 22.3 ± 3.1d,x 20.5 ± 3.1d,x

Ethyl acetate 122.9 ± 2.9c,x 12.7 ± 1.1f,y 44.6 ± 4.4b,z

Butanol 1035.2 ± 10.5b,x 60.2 ± 5.0b,y 35.0 ± 2.2c,z

Ethanol 3016.5 ± 17.7a,x 1135.5 ± 4.4a,y 1651.5 ± 19.6a,z

Water 47.1 ± 1.1d,x 30.9 ± 1.1c,y 43.9 ± 1.9b,x

Total flavonoid content (mg QE/100 g FDS) Hexane 35.4 ± 12.2c,x 177.2 ± 12.2c,y 148.8 ± 56.2c,y

Ethyl acetate 5879.6 ± 45.5b,x 9289.8 ± 60.7a,y 3372.8 ± 52.6a,z

Butanol 860.9 ± 122.8a,x 30.3 ± 13.1d,y 25.3 ± 8.7d,y

Ethanol 8189.0 ± 241.2a,x 387.4 ± 22.7b,y 941.9 ± 80.3b,z

Water 17.7 ± 4.3d,x,y 10.1 ± 4.3e,x 30.3 ± 15.1d,y

Total anthocyanin content (mg CE/100 g FDS) Hexane 2.18 ± 0.01b,x,y 2.49 ± 0.01b,y 1.87 ± 0.01b,x

Ethyl acetate 1.11 ± 0.01c,x 2.22 ± 0.01b,y 1.56 ± 0.01b,z

Butanol 1.11 ± 0.01c,x 2.00 ± 0.00c,y 1.11 ± 0.01c,x

Ethanol 4.90 ± 0.01a,x 4.68 ± 0.02a,x 35.85 ± 0.03a,y

Water 2.34 ± 0.01b,x 0.89 ± 0.01d,y 1.56 ± 0.01b,z

Total carotenoid content (mg BE/100 g FDS) Hexane 6.5 ± 0.2f,x 27.3 ± 0.9d,y 48.8 ± 2.7b,z

Ethyl acetate 6.1 ± 0.6f,x 4.6 ± 0.1 g,y 12.9 ± 1.2f,z

Butanol 5.2 ± 0.1 g,x 5.3 ± 0.1 g,x 5.4 ± 0.0e,x

Ethanol 19.6 ± 1.1e,x 16.2 ± 0.7e,y 22.3 ± 1.0d,z

Water 2.1 ± 0.6 h,x 1.5 ± 0.1 h,x 3.5 ± 0.0e,y

All data are presented as mean ± standard deviation (n = 3)

GAE gallic acid equivalent, QE quercetin equivalent, CE cyanidin-3-glucoside equivalent, BE b-carotene equivalent, FDS freeze dried sample

Different superscript lowercase letters (a–h) between different extraction solvents used to denote significant difference at p\ 0.05. Different

superscript lowercase letters (x,y,z) between different DR parts denote significant difference at p\ 0.05. The ethanol used was of 50%
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highest amount of TCC from the peel of DR fruit, which

was 48.8 mg BE/100 g FDS. At the same time, 50%

ethanol is the more polar organic solvent provided with the

second highest amount of TCC which was 22.3 mg BE/

100 g FDS. The results suggest that there are two different

groups of carotenoids present in DR fruit, carotenes which

are lipophilic such as a-carotene and b-carotene that were

extracted using hexane; whereas the semi-polar xantho-

phylls, for example, lutein and zeaxanthin, may be attrac-

ted towards the ethanolic solution (Khoo et al. 2011).

Antioxidant assays based on electron transfer

reaction

DPPH radical scavenging activity

Based on our preliminary data, the scavenging ability of

the extracts against DPPH radicals increased with the

increasing concentration (Fig. S1). Despite a moderate

scavenging ability was exhibited by most of the extracts,

the maximum inhibition activities were found between 10

and 75%. This finding is in agreement with Prasad et al.

(2011), where moderate inhibition activities have been

reported for the seed, peel and pulp of C. odontophyllum.

Among the three studied fruit parts, seed extracts had

higher DPPH radical scavenging activity than the other

samples with the highest was found in the ethanolic extract

(Fig. 1). DR peel and pulp extracted with hexane at extract

concentration of 80 lg/mL had the highest DPPH radical

scavenging activity among the extracts of the other sol-

vents used. Current findings are agreed by Kong et al.

(2011) who reported an increasing trend of DPPH scav-

enging activity for the DR extracts, where seed extract

exhibited the highest antioxidant activity.

Although all the extracts exhibited scavenging capacity

against DPPH radical, the results varied from one another

and were highly attributed to the influence of extraction

solvents used. Based on the IC50 values obtained, ethanolic

extract showed a very strong DPPH radical scavenging

activity, where the ethanolic extract of seed had 50%

inhibition ability at an IC50 concentration of 52.4 lg/mL.

Meanwhile, IC50 values of all the other extracts were

higher than 100 lg/mL due to these extracts required a

higher concentration to achieve 50% scavenging activity. It

is also noteworthy that the ethanolic extract of seed had a

better antioxidant activity than positive control (BHT),

where the IC50 value was lower than 100 lg/mL. The

result indicated that DR seed is a potential source of natural

antioxidants. Besides the amount and strength of antioxi-

dant compound itself, the ability of the antioxidant in DR

seed to transfer an electron to a free radical can also be

affected by the environment where the reaction takes place,

for example in different types of solvent.

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scaveng-

ing assay is considered as the simplest colourimetric

method. This assay is based on the principle that the radical

scavenger or antioxidant will serve as a hydrogen donor for

the DPPH� which reduce to DPPH2; hence, the reaction

results in a change in colour intensity (Brand-Williams

et al. 1995). Kinetics of hydrogen atom transfer activity for

the phenolic compound, from phenol to DPPH, show that

every solvent possesses unique hydrogen bond atom

acceptor (b2
H) and donator (a2

H) (Nenadis and Tsimidou

2002). These acceptor and donator are required to form

intermolecular hydrogen bonds with phenolic compound

and to donate a hydrogen atom to the free radicals. The

higher polarity and hydrogen bond donating ability of an

antioxidant increase the susceptibility in transferring its

hydrogen atom to DPPH radicals (Jabbari and Gharib

2012). Hence, 50% ethanol has greater a2
H than b2

H enables

the phenolic compounds to exist in DR extract for easily

donating hydrogen atoms, whereas water with greater b2
H

lead to lower antioxidant activities (Oliferenko et al. 2004).

However, many other factors can also affect the antioxidant

activities. Therefore, the use of different antioxidant assays

is important to elucidate the antioxidant potential of DR

extracts.

Ferric reducing antioxidant power (FRAP)

FRAP values of phytochemical antioxidants from different

parts of DR fruit extracted using the extraction solvents

were determined. The FRAP values increased with

increasing extract concentration and reached a maximum

value at a concentration of 80 lg/mL and decreased

thereafter, except for 50% ethanol extract of seed and BHT

(Fig. S2). Due to the high phenolic and flavonoid content in

DR seed, FRAP value of the seed extracts was generally

higher than the extract of the other parts which ranged from
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Fig. 1 DPPH radical scavenging activities of seed, pulp and peel

extracted with different extraction solvents. The results were based on

the extracts at the concentration of 80 lg/mL. Hex: hexane; Ethyl

Acet: ethyl acetate; BuOH: buthanol; EtOH: 50% ethanol; BHT:

butylated hydroxytoluene
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0.023 to 0.886 mM Fe(II). However, hexane extract of seed

had FRAP value lower than the FRAP values of hexane

extracts of pulp and peel of DR. The result also showed

that ethanolic extract had the highest FRAP value com-

pared to other extracts.

As shown in Fig. 2, FRAP values of DR seed extracts

exhibited a decreasing trend of 50% ethanol[ bu-

tanol[ ethyl acetate[water[ hexane. Among the peel

extracts derived from different solvents, the FRAP values

were from 0.069 to 0.208 mM Fe(II). Similar to the seed,

the ethanolic extract of peel had the highest ferric reducing

power, followed by butanol, hexane, water and ethyl

acetate extracts. FRAP values of the pulp extracted with

different extraction solvents are decreasing as follows:

50% ethanol[ hexane[ ethyl acetate[water[ butanol.

It is worth noting that ethanolic extracts of DR peel and

seed surpassed the reducing capacity of synthetic antioxi-

dant used in this assay. It might be due to the high amount

of polyphenolic compounds found in both seed and peel of

DR, which are responsible to exert the antioxidant activity

via single electron transfer reaction (Pulido et al. 2000).

Therefore, this study shows the potential of phytochemicals

in DR fruit extracts as the possible natural substitutes for

synthetic antioxidants.

FRAP assay determines the reducing ability of an

antioxidant. The FRAP procedure was performed in an

acidic environment, where ferric-tripyridyltriazine (Fe3?-

TPTZ) complex is reduced to ferrous tripyridyltriazine

(Fe2?-TPTZ) complex by an antioxidant, causing the for-

mation of intense blue colour. This phenomenon is regar-

ded as single electron transfer mechanism. Phytochemical

antioxidants in DR fruit extracts act as reductants and have

a robust electron-donating capacity which serves as a

cursor for determining the potential antioxidant activity of

the fruit extracts.

Phosphomolybdenum method

Antioxidant activity of the extracts of different parts of DR

fruit was also evaluated using phosphomolybdenum

method. Based on the screening tests, the absorbance

changed of the extracts determined using the method

increased with the increasing concentration (Fig. S3). As

shown in Fig. 3, the peel extracts had absorbance changed

between 0.001 and 0.036, where 50% ethanol[ ethyl

acetate[ hexane[ butanol[water. As for the pulp, the

absorbance values ranged between 0.007 and 0.019. Con-

versely, the seed extracts had higher absorbance values of

0.013–0.054.

This method was performed based on the reduction of

Mo (IV) to Mo (V) by the antioxidants in DR fruit extracts

and subsequently formed a green phosphate or Mo (V). A

higher absorbance value indicating a higher antioxidant

activity. In this study, the antioxidant activities of all the

extracts are reacted in a concentration-dependent manner.

The highest absorbance value was noted to be the ethanolic

extract of seed which indicates its good antioxidant activ-

ity. The high antioxidant activity attributed to the high

level of polyphenols especially flavonoids which act as the

reductant. Even though ethyl acetate extract had a higher

level of flavonoids, the antioxidant capacity of the extract

is not as good as ethanol. The finding suggests that other

polyphenolic compounds recovered in the ethanolic

extract, which may synergistically act as the reductants of

phosphomolybdate ion (Liu et al. 2008). Moreover, heat

treatment during the extraction is able to significantly

increase the antioxidant activity of clove sample accessed

using phosphomolybdenum method (Nikousaleh and Pra-

kash 2016).
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Assays based on reactive oxygen species scavenging

mechanism

Hydroxyl radical scavenging activity

In this study, the capability of antioxidants in all extracts

recovered from DR fruit parts to scavenge hydroxyl radi-

cals further justifies the antioxidant potential of DR fruit

extracts. Overall, all the extracts performed equally well in

scavenging �OH but seed extracts are better than the pulp

and peel extract. The �OH scavenging activity of DR

extracts increased in a concentration-dependent manner;

however, some of the extracts reached a plateau stage at a

concentration of 20 lg/mL. Moreover, hexane and water

extracts of all fruit parts were less active in scavenging

hydroxyl radical and require a higher extract concentration

to obtain an IC50 value.

Based on the IC50 values calculated (Table 2), the val-

ues were comparable and not significantly different among

ethyl acetate, butanol and 50% ethanol extracts of all fruit

parts, which require the least and a similar range of con-

centration (37.1–40.6 lg/mL) to promote 50% inhibition of

the hydroxyl radicals. IC50 values of these extracts were

also comparable to BHT, where the IC50 value of BHT was

37.3 lg/mL. The higher amount of phytochemicals in these

extracts may serve as important candidates in scavenging

hydroxyl radicals. According to Hagerman et al. (1998),

phenolic compounds with many aromatic rings and OH

group tends to have a better hydroxyl radical scavenging

activity.

The assay of hydroxyl radical scavenging is an alternate

method for identifying the antioxidant capacity of any

antioxidants present in the fruit extracts, which based on

the principle of deoxyribose degradation (Li 2013). Unlike

electron transfer reaction assay, this antioxidant assay deals

with the hydroxyl radicals that could also be produced in

human cells. Hydroxyl radicals can cause DNA strand

breakage which leads to undesirable biological effects like

mutagenesis and cell death. This assay employs Fenton

reagent to generate �OH which oxidises the 2-deoxy-d-ri-

bose molecule. The damage of cyclic furan ring of the

deoxyribose results in the formation of malondialdehyde

which reacts with 2-thiobarbituric acid upon heating to

yield TBARS (thiobarbituric acid-reactive substance), a

pink chromogen with an absorbance reading of 530 nm (Li

2013).

Table 2 Radical scavenging

activities of Dacryodes rostrata

fruit parts extracted using

different solvents

Samples Solvent IC50 (lg/mL)

Hydroxyl radical scavenging Superoxide anion radical scavenging

Seed Hexane [ 100 55.7 ± 0.8a

Ethyl acetate 40.6 ± 0.2a 53.4 ± 1.5a

Butanol 38.2 ± 0.1a [ 100

Ethanol 40.6 ± 0.3a [ 100

Water [ 100 [ 100

Pulp Hexane [ 100 [ 100

Ethyl acetate 40.1 ± 0.1a 57.7 ± 3.4a

Butanol 38.7 ± 0.1a 56.4 ± 2.2a

Ethanol 40.1 ± 0.1a 66.6 ± 5.0b

Water [ 100 [ 100

Peel Hexane 68.8 ± 1.8b [ 100

Ethyl acetate 39.2 ± 0.1a 87.5 ± 11.0c

Butanol 37.1 ± 0.1a 88.6 ± 9.1c

Ethanol 37.8 ± 0.1a 82.6 ± 9.0c

Water [ 100 [ 100

BHT Positive control 37.3 ± 0.1a 178.2 ± 40.9d

All data are presented as mean ± standard deviation (n = 3)

BHT butylated hydroxytoluene

Different superscript lowercase letters (a–d) between different extraction solvents used to denote significant

difference at p\ 0.05

IC50 value of the sample is the concentration of sample needed to inhibit 50% of the activity. The ethanol

used was of 50%
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Superoxide radical anion scavenging activity

Superoxide radical anion scavenging activities of different

parts of DR fruit extracts were determined based on dif-

ferent concentrations. The peel extracts showed O2
�- scav-

enging activity ranged between 14.6 and 68.6%. On the

other hand, the extracts of DR pulp demonstrated O2
�--

scavenging activity ranged 10.1–83.5%, whereas seed

extracts ranged between 13.5 and 59.4%. Overall, the peel

and pulp extracts had better scavenging activities than the

seed extract, in which butanol extracts of pulp (83.5%) and

peel (68.6%) displayed the highest scavenging activity

compared to the ethyl acetate extract of DR seed (59.4%).

The O2
�- scavenging ability of the peel extracts in the

studied solvents is decreasing as follows: butanol[ ethyl

acetate[ 50% ethanol[water[ hexane. A similar trend

was also observed in the pulp extracts. In contrast, O2
�--

scavenging ability of the seed extracts in solvents is

decreasing as follows: ethyl acetate[ butanol[ hex-

ane[ 50% ethanol[water.

IC50 values of all the extracts of DR fruit are tabulated in

Table 2. The overall performance of all the extracts was

relatively high and surpassed the radical scavenging

capacity of BHT, in which a higher concentration of this

synthetic antioxidant is required to cater 50% of inhibition

activity. The less polar hexane and ethyl acetate extracts of

DR seed, as well as the butanol and ethyl acetate extracts of

DR pulp, had the lowest IC50 values compared with the

other extracts. The low IC50 values attributed to flavonoids

content in the pulp and could be the major contributor to

the high scavenging activity. It is because flavonoids are

regarded as potent radical scavengers. Carotenoids, the less

polar compounds which contain many double bonds in

their chemical structure, are also known to be the potent

singlet oxygen quenchers (Khoo et al. 2011). Hence, the

extracts derived from the non-polar solvent including

hexane, possess moderate O2
�- scavenging activity even

though these extracts had lower TPC, TFC and TAC.

Superoxide radical anion (O2
�-) is another type of reac-

tive oxygen species abundantly found in human body. The

ability of DR extracts in scavenging this radical indicates

their possibilities of inhibiting a similar type of radical in

the body. The addition of pyrogallol into the mixture

containing EDTA, Tris–HCl buffer and the extracts initi-

ates production of O2
�- via auto-oxidation of pyrogallol (Li

2012). The formation of a yellow–brown solution indicates

generation of O2
�- which can be measured at 325 nm.

Antioxidants in the extracts that eliminate the O2
�- pro-

duction with a lower absorbance value shows a higher

percentage of inhibition activity toward the oxidation

process (Li 2012).

Conclusion

The recovery of phytochemicals in DR fruit parts using

different extraction solvents are varied. Among different

fruit parts, DR peel had the highest amounts of total

anthocyanins and total carotenoids, whereas DR seed had

the highest total phenolic content. The use of polar to non-

polar extraction solvents in extraction and recovery of

phytochemicals implies a variation in antioxidative activ-

ities that assessed by electron transfer and hydrogen

transfer reaction assays. Water extracts contained the more

polar compounds which including some of the polar phe-

nolic compounds such as phenolic acids, whereas non-po-

lar hexane is able to extract the semi-polar to non-polar

carotenoids.

Non-polar compounds such as carotenoids have the

higher ability in scavenging superoxide anion radical. The

semi-polar polar antioxidants including anthocyanins and

some of the flavonoids are also found to be the most

effective in scavenging hydroxyl radicals. Due to a range

of phytochemicals was recovered from the solvents of

different polarity, the application of DR fruit extracts as

nutraceuticals should consider the extraction solvent used.

Also, the extracts of DR fruit parts contain potent natural

antioxidants and can be used to substitute the synthetic

antioxidants in the food industry.
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